Objective: To evaluate the repeatability of a children's food frequency questionnaire (FFQ) by gender, ethnicity, and age group. Design: A 117-item FFQ asking about food intake patterns over the past 4 weeks was developed using food records from 428 children (204 boys and 224 girls) and the reproducibility on average 13 days apart was tested in 130 children (78 boys and 52 girls). Children were recruited using clustered probability sampling (n ¼ 103), and a convenience sample of 25 Maori children. Setting: Children aged 1-14 y from Auckland, Feilding and Shannon, New Zealand. Subjects: There were 71 Maori, 20 Pacific, and 39 Other children. Results: Spearman correlations between the two FFQs ranged from 0.50 for bread to 0.82 for fruit, with a median of 0.76 for spreads and nonmilk drinks, and Cronbach's coefficient a's ranged from 0.59 for bread to 0.92 for nonmilk drinks, with a median of 0.85 for mixed meat dishes. There were no significant differences between the two administrations, apart from reporting higher intakes of vegetables and snacks & sweets in the first FFQ. Correlation coefficients tended to be slightly higher in boys than in girls, and in Other ethnic groups compared to Maori and Pacific children. Correlations were slightly higher for the 1-4 y age group, intermediate in the 10-14 y age group, and lowest in the 5-9 y-old age group. Conclusions: Overall, the FFQ described here shows similar or better repeatability in New Zealand children of all major ethnic groups compared to other child or adolescent FFQs.
Introduction
Evidence is accumulating that implicates diet in childhood and adolescence as being related to diseases of adulthood, such as heart disease, osteoporosis, and cancer Willett, 1990) . It is therefore important to measure the diets of children and adolescents with reasonable accuracy and repeatability.
A priority area for the New Zealand Ministry of Health is to assess the dietary intakes of children and adolescents of the major ethnic groups living in New Zealand, because there is limited information on the 'typical' New Zealand diet. Most previous studies in New Zealand have only sampled adult Europeans (Birkbeck, 1979; Scragg et al, 1991) , although a recent national survey reported frequencies of consumption of various foods in Maori and non-Maori adults, and reported median nutrient intakes by gender and ethnicity (Russell et al, 1999) . Only one other study has compared the food and nutrient intakes of Pacific adults with Maori and Europeans in New Zealand (Metcalf et al, 1998) , and Ferguson et al (1995) examined these ethnic differences for intakes of plant foods in this population. Bell et al (1999) examined the dietary intakes of adult Samoans from New Zealand church communities.
The food frequency questionnaire (FFQ) is used to describe eating patterns, not nutrient intakes, in a reliable and accurate method, and to relate those patterns to behavioural and physiologic measures . The FFQ allows collection of data on large samples of individuals, is easily administered, and measures the frequency or number of times common foods have been eaten over a period of, for example, 1 month. To our knowledge, only three previous studies have reported the repeatability of food servings from a food frequency questionnaire (FFQ) in school-aged children and none has reported ethnic differences (Frank et al, 1992; Domel et al, 1994; Rockett et al, 1995) .
As part of a pilot survey of children's nutrition where methods were developed and tested, the food frequency questionnaire was administered to children on two occasions in order to determine the repeatability of this questionnaire. Here, we report the results.
Subjects and methods

Development of questionnaire
The Children's Nutrition Survey FFQ was developed from 24-h diet records collected from 428 children (224 girls, 204 boys; 137 Maori, 143 Pacific and 148 Other) between May and September 1999. Most of the European children were recruited from preschools or schools, while Maori and Pacific children were recruited through preschools or schools and through community networks. All 24-h diet records were converted to nutrient intakes using the NZ Food Composition Database (Crop & Food Research, 2000) .
Statistical analyses were carried out to develop a list of foods that covered 480% of total energy intakes for all ethnic (Maori, Pacific, and European), age (1-4, 5-9, and 10-14 y) and gender subgroups. Foods of similar food group and/or nutrient composition, collected in the 24-h records, were grouped to reduce the number of food items in the food list. Food items were then ranked in descending order of their contribution to intakes of energy, and intakes of other important nutrients, for the different ethnic, age, and gender subgroups. From these analyses, a list of 117 foods was developed for inclusion in the FFQ , which asked about food intake over the past 4 weeks and took approximately 20 min to complete, but did not include portion sizes.
In the FFQ, each food/food group had a standard serving size, with 'natural' portions (eg, slice of bread, apple, egg, and hamburger) used when appropriate. Standard serving sizes were estimated from the 24-h-diet records. The seven frequency categories for the amount of food eaten ranged from 'never or less than once per month' to '2 or more times per day'. All aspects of this study had ethical approval from the Auckland Ethics Committee.
Food groups
Recruitment of children
A total of 130 children (105 in Auckland and Shannon, and 25 in Fielding) were recruited in the pilot testing of methods (response rate 70%). The pilot testing was to assess the acceptability of the 24-h recall method, sociodemographic, physical activity, food security and medical history questions, and the repeatability of the FFQ. A random sample of start points in prescribed areas were obtained from Statistics New Zealand. Recruiters went to the start address and visited 20 houses to the right of, and including the starting point. From these children, 105 recruited were then selected according to the following probabilites: Maori 0.32, Pacific 0.79, and Other 0.32. In addition, a convenience sample of 25 Maori were recruited in Fielding. The parent, caregiver or child completed the first FFQ at home prior to the main interview which involved a 24-h diet recall along with anthropometric measurements and questions on demography, physical activity, food security, and medical history. At the main interview, a second FFQ was left and the parent or caregiver was asked to complete this in 14 days time to be picked up by an interviewer. In general, the parent or caregiver, or parent/caregiver and child completed the FFQ. There were 20 children who did not complete a second FFQ because of the time constraints of the survey.
Repeatability of food groups
The FFQ was evaluated by assessing the 2-week test-retest repeatability. Individual food frequencies were summed into major classes of foods for statistical analysis. Fruits and vegetables were grouped separately to provide data on the intake of each.
Statistical analysis
The statistical analysis was performed with the Statistical Analysis System (release 8.1, 1999, SAS Institute, Cary, NC, USA). Food servings were transformed to log e to improve normality. Geometric means and tolerance factors (exp [1.96*standard error]) are presented for number of servings per month. In addition, both Pearson (parametric) and Spearman (nonparametric) correlations are presented for the assessment of repeatability, together with Cronbach's standardized coefficient a (Cronbach, 1951) as a measure of the internal consistency. The significance of differences in geometric mean servings between the first and second FFQ were determined by paired t-test. Fisher's Z transformation was used to compare correlation coefficients between gender, ethnic, and age groups (Kleinbaum and Kupper, 1982) .
Results
There were 130 children with duplicate FFQ information measured on average 13 days apart (median 11 days). Ages ranged from 1 to 14 y (mean ¼ 7 y): 60% were boys and 40% were girls.
Apart from reporting higher intakes of vegetables (P ¼ 0.006) and snacks & sweets (P ¼ 0.019) in the first questionnaire, there were no significant differences between reported food serving between the two administrations of the FFQs (Table 1) .
Pearson and Spearman correlation coefficients and Cronbach's coefficient a2 comparing the food servings from the first questionnaire with the second questionnaire are also reported in Table 1 . Pearson correlations ranged from 0.42 for bread to 0.86 for nonmilk drinks, with a median of 0.73 for mixed meat dishes and snacks & sweets. Similarly, Spearman correlations ranged from 0.50 for bread to 0.82 for fruit, with a median of 0.76 for spreads and nonmilk drinks, and Cronbach's coefficient a's ranged from 0.59 for bread to 0.92 for nonmilk drinks, with a median of 0.85 for mixed meat dishes.
Spearman coefficients were significantly higher in boys than in girls for mixed meat dishes (r ¼ 0.80 vs r ¼ 0.51, respectively; Po0.001) and bread (r ¼ 0.60 vs r ¼ 0.31, respectively; 0.01oPo0.05), as was Cronbach's a for bread (0.63 vs 0.40, respectively; 0.01oPo0.05) (individual data not shown). While the repeatability statistics for bread were poor, the others were moderate to excellent. Geometric mean servings of snacks & sweets in boys (P ¼ 0.005), and dairy food (P ¼ 0.034) and vegetables (P ¼ 0.022) in girls differed between the two administrations of the FFQs (individual data not shown). Table 2 shows repeatability statistics by ethnicity. Median Pearson correlation coefficients were 0.69 in Maori, 0.72 in Pacific, and 0.80 in Other children. Compared to Maori children, Cronbach's a was significantly lower in Pacific children for red meats, but higher for breakfast cereal and snacks & sweets. Similarly, Spearman correlations were significantly higher in Other children for breakfast cereals, rice, and milk drinks compared to Pacific children. Geometric mean serving of vegetables (P ¼ 0.008), convenience meals (P ¼ 0.020), and nonmilk drinks (P ¼ 0.038) in Maori, and chicken (P ¼ 0.030) nonmilk drinks (P ¼ 0.025) in Other children were significantly different between the two FFQ administrations (individual data not shown). Repeatability coefficients by age group are shown in Table 3 . Median Spearman correlation coefficients were 0.79 in the 1-4 y age group, 0.71 in the 5-9 y age group and 0.73 in the 10-14 y age group. Pearson and Spearman correlation coefficients were generally lowest in the 5-9 y age group, intermediate in the 10-14 y age group, and highest in the 1-4 y age group. However, Cronbach's a was generally highest in the 1-4 y age group, intermediate in the 10-14 y age group and lowest in the 5-9 y age group. Po0.001; 1-4 y coefficient compared to same coefficient for 10-14 y. z 0.01oPo0.05; zz Po0.001; 5-9 y coefficient compared to same coefficient for 10-14 y.
Geometric mean serving of snacks & sweets were significantly different (P ¼ 0.002) in the age group 10-14 y between the two FFQ administrations (individual data not shown).
Discussion
The list of foods and the portion-sizes for the FFQ were developed by means of a data-based approach using dietary intake data following the methods of Block et al (1986) and Willett (1990) . The adaptation of an adult FFQ is less satisfactory and the adaptation process and testing may take longer in the end (Rockett and Colditz, 1997) .
In general, food group intakes were higher at the first administration than at the second administration. A review of the FFQ as a dietary assessment method in children noted that the first administration tends to result in greater frequencies of consumption than subsequent administrations (McPherson et al, 2000) .
Overall, repeatability of the FFQ for food serving groups ranged from 0.50 for bread to 0.82 for fruit as measured using Spearman correlation coefficients. Our correlation coefficients were generally higher than those reported in a study of 12-17 y olds (Frank et al, 1992) . In another study of reproducibility, an FFQ was administered to 9-18 y olds (Rockett et al, 1995) . They reported repeatability over a 1-y test-retest period with correlations ranging from 0.39 for meats to 0.57 for soda. Another study administered a fruit and vegetable frequency questionnaire to children in grades four and five (Domel et al, 1994) . Their Spearman correlation coefficients for reproducibility of total fruit were 0.50 for the questionnaires administered at a 1 week interval and 0.43 for those at a 1 month interval: for vegetables, correlations were 0.48 for the 1 week and 0.37 for the 1 month intervals; and for the combination of fruit and vegetables, correlations were 0.54 for the week and 0.47 for the month intervals (Domel et al, 1994) . These were lower than the correlations of 0.82 for fruit and 0.77 for vegetables that we observed over a 13-day interval.
In general, the Spearman correlation coefficients were higher than the Pearson correlation coefficients indicating that this FFQ was better at rank ordering of individuals, the normal use of such data in most epidemiological studies.
The repeatability was generally higher for boys than girls, particularly for mixed meat dishes and bread. In contrast to our findings, another repeatability study (Frank et al, 1992) reported that girls (12-17 years old) had more consistent responses in the test-retest of their FFQ over 2-h and 2-week intervals than boys. Rockett et al (1995) also reported mean consistency as being higher in girls than in boys. A longitudinal study of 12-17 y olds in Holland found that girls make small changes to their diets, whereas boys gradually increase intakes with age (Post et al, 1987) . However, this is an unlikely explanation for the current study as the second FFQ was completed approximately 13 days later. It is possible that girls' diets had a greater variety of foods than that of boys.
Correlations in Pacific children were generally lower than in Other children, particularly for breakfast cereals, milk drinks, and rice. Reasons for these lower correlations in Pacific children are unknown, but could be because of a greater variety of foods consumed, poor recall, or lifestyle differences, such as regular feasting. However, correlation coefficients were generally higher than those that have been observed in other studies (Frank et al, 1992; Domel et al, 1994) . We are unaware of any other studies in children that have compared these ethnic groups.
There were significant differences for correlation coefficients across the age groups for vegetables, mixed meat dishes, rice, spreads, milk drinks and nonmilk drinks. In general, correlations were highest in the 1-4 y age group, lowest in the 5-9 y age group and intermediate in the 10-14 y age group. FFQs were completed by the caregiver in the 1-4 y age group, whereas the 10-14 y olds completed the FFQ themselves. The 5-9-y-old group would be comprised of the caregiver completing the FFQ for younger children in this age group and the older children completing them for themselves, making this the most heterogeneous group with respect to filling in the FFQ. One study reported no consistent pattern was observed with age (Rockett et al, 1995) . However, their age ranges were generally a lot narrower than in the current study.
Overall, the FFQ described here shows similar or better repeatability in New Zealand children compared to other children and adolescent FFQs. This FFQ may be useful in epidemiological studies of children and adolescents over extended periods.
